Introduction

27
The loss of habitat promoted by the anthropic transformation of land use is 28 currently the cause of greater impacts to biodiversity [1] . In addition to the loss of 29 habitat through reduced natural vegetation cover, the creation of small isolated 30 fragments in an altered landscape brings severe consequences to the ecological 31 interactions necessary to maintain biodiversity and ecosystem functions [2] [3] [4] . With the 32 global demand for increased food production, agriculture is in increasing expansion 33 [5, 6] , mainly in tropical countries [7] , and is one of the main activities causing 34 deforestation worldwide [8] , occupying almost 40% of the soil throughout the planet 35 [9] .
36
For this reason, agricultural landscapes are seen today as areas of extreme 37 importance for studying and developing strategies that integrate biodiversity 38 conservation and ecosystem services with food production [6, 10] . Thus, the discussion 39 on the conservation of forest fragments in landscapes with a predominance of 40 agricultural activity raises the need to develop production models that not only take into 41 account greater production efficiency, but also the externalities that the different 42 productive systems imply on the biodiversity of a landscape [6, 10-14].
43
The main strategies for agriculture intensification are based on technological 44 packages that include conventional practices and the frequent use of agricultural inputs 45 for fertilization and correcting soil pH [5, 6] . Some studies show that the intensification 46 of these practices in agricultural fields generates impacts on nearby forest fragments 47 through soil contamination by fertilizers, causing increased nutrient content in these 48 areas [15] [16] [17] [18] . These changes in fertility levels of soil fragments can have significant 49 impacts on the floristic composition due to the great correlation between vegetation and 50 soil chemical characteristics [19] [20] [21] . Some nutrients are limiting to the growth of trees in forest environments [22] [23] [24] [25] , 52 and the continuous increase of fertility levels in forest fragment soils may lead to 53 alterations in soil chemical relationships [24, 26] and possible species losses [27] . Some 54 studies suggest that some species are more efficient in using nutrient surpluses, with an 55 increase in growth rates [24, 25] . Due to this, some understory species may present 56 dominance in forest soils enriched with nutrients such as calcium and nitrogen, as 57 shown in some studies in temperate climates [16, 29, 30] , causing long-term species 58 replacement [30] . Thus, continuous additions of nutrients to the soils of forest 59 ecosystems over a long period may alter the functional diversity and composition of 60 plant species of a community [22] .
61
Thus, the present study aimed to identify the impacts on the functional groups of 62 sciophilous and heliophilous species in the tree community of forest fragments near 63 agriculture areas with conventional practices of intensive fertilizer use. The work 64 hypothesized that the higher fertility of forest fragment soils adjacent to intensive 65 agriculture modifies the floristic composition of the tree community, adopting the 66 premise that there are nutrients added into the soils of these fragments.
67
Studies which aim to observe vegetation patterns with isolated factors such as 68 the chemical characteristics of the soil have limitations due to the great correlation 69 between the soil parameters and the vegetation itself to several other factors [20] .
70 Therefore, in order to identify the impact of a change in the fertility levels within forest 71 fragments regarding the floristic composition of these sites, the vegetation correlation 72 with local factors related to the soil also need to be evaluated, such as slope, soil size 73 and canopy opening, as well as factors related to forest fragmentation such as size, 74 isolation and shape of the fragments, which directly affect the floristic composition. (Table S1 ). 
231
Generalized linear models (GLMs) were constructed and tested to identify the 232 variables that best explain the tree species composition pattern in the fragments.
233 Therefore, in order to construct these predictive models, the richness and abundance of 234 the ecological groups (pioneer and late) were considered as dependent variables and the 235 levels of carbon, nitrogen, phosphorus, potassium, calcium and magnesium (C, N, K, Ca 236 and Mg, respectively), clay percentage in the soil (Arg), border limit percentage with 237 agriculture (limagri), Euclidean distance of the nearest neighbor (ENN), fragment size 238 in hectares (area), perimeter-area ratio (PARA), canopy opening (abos) and slope as 239 independent variables (Table S3) . We used the data of abundance of each species and 240 average data of the independent variables in each stratum of each fragment as inputs.
241 Next, 19 possible models were tested for the abundance of heliophytes and 28 models 242 for the abundance of sciophytes in total. Then, 33 models were tested for the richness of 243 heliophilous species, and 27 models for the richness of the sciophilous species (Table   244 S4 
254
A total of 4922 individuals were sampled from trees and palm trees, and 371 255 morphospecies were identified in 58 botanical families for the 14 forest fragments (total 256 sampling area of 3.15 ha) studied in the Guapi-Macacu Basin. Of the morphospecies, 257 242 (66.58% of the total) were identified at the specific level, 61 (16.44%) at the genus 258 level, 36 (9.70%) at the family level and 27 (7.28%) remained undetermined (Table S1 ).
259 The richness of the fragments ranged from 50 species (ICp1) to 109 species (ECg1).
260
The non-metric multidimensional scaling (NMDS) of the tree species 261 community composition of the fragments (Fig. 2) 290 *** significant at 0.1%, ** 1%, * 5% and . 10% probability.
292
Next, four explanatory models were selected for the abundance of the 293 sciophilous species (Table 2) . Only the increase in the area of the fragments presented a 294 positive relation with the abundance of these late species (p < 0.05), while the slope was 295 the only factor that presented a negative relation with the abundance of individuals in 296 the sciophilous group (p < 0.05). The agricultural limit, phosphorus and calcium content 297 variables were not significant by the chi-square test in these models.
298
Two predictive models were selected for the richness of the heliophilous species 299 (Table 3) 307 *** significant at 0.1%, ** 1%, * 5% and . 10% probability.
308
309 314 315 Four models were selected for the richness of the sciophilous species (Table 4) , 316 wherein only the magnesium content showed a positive interaction (p < 0.1), while the 317 higher isolation factors of the fragment (p < 0.01), the increase in phosphorus levels (p 318 < 0.1) and the higher slope (p < 0.1) were negative. 
370
Pioneer tree richness is clearly benefited by increased calcium content, while 371 late species are negatively impacted by increased phosphorus content. These nutrients 372 tend to increase in forest fragments near agriculture areas [16] [17] [18] due to the common 373 practice of liming and use of phosphate fertilizers. In addition, phosphorus has low 374 mobility in the soil, which can cause accumulation, and consequently lead to 375 eutrophication of the system over time [18] . Although magnesium content has a positive 376 relationship with the richness of sciophytes, the previous results found by this same 377 study [18] did not indicate significant increases of this nutrient in the fragments, which 378 is the opposite of that found for calcium and phosphorus, as previously mentioned. 390 and Na + ) and in nitrogen and phosphorus, some species and functional groups respond 391 strongly to the addition of these elements and potassium. However, the impact in 392 regions with lower fertility such as in the areas of this study may be more intense, since 393 these regions tend to have more specialized flora when compared to regions with higher 394 fertility, which have a greater number of fast-growing and more generalist tree species 395 [21, 22] .
396
Thus, constant deposition of nutrients in the forest fragment soils of this study 397 may be creating a conducive environment to the proliferation of pioneer tree species.
398 The fragments with an extensive livestock environment showed the highest IV values 399 for the sciophilous species (Table S1) , which helps to explain the observed grouping of 400 these fragments in the ordering analysis. 
445
In addition to the influence on soil fertility, the slope of the terrain may make it 446 difficult to maintain sciophilous species in two ways; firstly, because the recruitment of 447 these species is difficult as they usually have large seeds which presents greater 448 difficulties to fixate in very sloped areas; secondly, greater slope is associated with 449 higher falling rates and mortality of large trees, since they present greater difficulty to 450 remain fixed in these areas [21] . These situations explain the difficulty in maintaining 497 where the need for biodiversity conservation policies and ecosystem services must be 498 linked to agricultural production. This proves the demand for policies which support 499 developing more conservationist agricultural production strategies, and evidence 500 potential externalities of adopting strategies based on the land-sparing system which are 501 not considered.
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